Abstract
subject to:
with:
Wherein N is the number of elements, f r is the far field coming out from step 2, α is the elevation angle with respect to boresight, β is the wavenumber, and x=[x 1 ,…,x N ] is the vector containing the 'new' array's equispaced locations. By so doing, while the objective function (1) will induce a minimization of the active elements number, convex constraints (2) will ensure that the synthesized power pattern: a. Fulfills an user-defined upper bound constraint in the sidelobes region denoted with τ 1 (g being an arbitrary real and positive function); b. Fits the reference field f r with a precision ε in the region denoted by τ 2 ; 5. Further reduce the overall number of array elements by:
a. Discarding the elements having a negligible excitation amplitude; b. Recursively substituting each couple of remaining elements whose distance is lower than a threshold σ with a single element placed in the middle point between them and excited with the sum of the two original excitations; 6. Perform a refinement of the solution by means of a local optimization procedure: identify slight shifts on array locations and excitations so as to recover from possible losses on the radiation performance induced by step 5. In order to exented the above procedure to the planar arrays case, we tried to synthesize a beam having a flat-top behavior along the azimuth angle and a square-cosecant behavior along the elevation angle (see Figure 1) , which is of interest in radar applications as well as for radio-base stations. In so doing, we took as a reference the pattern generated from the factorization of the fields respectively depicted in blue color in subplots (b) and (c) of Figure 1 . Then, the procedure in [1] has been extended to the two-dimensional case as follows. First, we factorized the separate one-dimensional solutions achieved by applying steps [1] [2] [3] [4] [5] [6] above to each of the reference power pattern's main cuts. Second, we discarded those elements having an excitation amplitude lower than υ=0.04 and achieved the array layout depicted in Figure 2 [subplot (a), blue circles], which is composed by 94 elements. Third, by adapting step 6 above to the two-dimensional case (in such a way to jointly refine both the x and y array locations), we finally achieved the layout depicted in Figure 2 [subplot (a), red dots] and the corresponding optimal excitations depicted in Figure 2 [subplot (b)]. The achieved power pattern is shown in Figure 1 , wherein θ and ϕ respectively represent the elevation and azimuth angles. As it can be seen, a very good agreement is achieved between the reference field and the main cuts of the synthesized pattern.
Notably, the overall approach allowed saving the 58% of the elements with respect to a fully-populated array with an uniform /2 spacing, and the 34% of elements with respect to a simple factorization of the solutions in [2] . This circumstance is coherent with the fact that, as long as a pattern is factorable, the elements' number reduction in the planar array is roughly doubled with respect to the one experienced in the two underlying one-dimensional arrays.
(a) (b) Figure 2 . Subplot(a): Array layout achieved by factorizing the one-dimensional reference solutions and discarding the elements having a negligible excitation amplitude. Locations achieved before (blue circles) and after (red dots) the refinement step. Subplot (b): Fianl excitation amplitudes
